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Section I

EXECUTIVE SUMMARY

ENERGY VULNERABILITY

Many military Installations in the United States have critical mission requirements
which necessitate the availability of uninterruptible electrical power. There is a
growing concern for the ability of the energy supply system in the United States
to provide this needed energy during national emergencies. This national concern
focuses on several areas:

(1) Grid-supplied electric power is vulnerable to war, sabotage, accidents,
weather and acts of nature. In addition, electromagnetic pulse (EMP) is
an additional concern for systems that rely on the electrical grid.

(2) The reliance of the system on imported fuels leads to vulnerability to an
energy supply cutoff such as was experienced during the 1974 oil em-
bargo.

(3) The fuel supply system in this country is highly centralized, relying on
pipelines and transportation systems for distribution. These distribution
systems are vulnerable to interruptions similar to those that can affect
the grid.

These issues are discussed more fully in the Federal Energy Management Agency
(FEMA) report entitled "Dispersed Decentralized and Renewable Energy Sources:
Alternatives to National Vulnerability and War" (Reference 1). Dispersed energy
systems are suggested as offering the best potential for survival and recovery of
the energy system. In addition, the FEMA report identifies alternative energy
systems such as cogeneration systems and fuel cells as technologies which can
reduce dependency on imported fuels.

In response to these concerns, the Air Force Logistics Command has established a
goal of achieving energy self-sufficiency at its Maintenance Centers by the year
2000. Energy self-sufficiency would enable the Logistics Centers to continue
critical maintenance operations after disruption of the normal energy supply mecha-
nisms. In addition to the goal of energy self-sufficiency, the Air Force has en-

1-1
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ergy conservation goals which provide guidelines for reduction in facility energy

consumption.

The Air Force Systems Command, in response to these operational requirements,

has identified phosphoric acid fuel cell technology as a potentially superior tech-
nology to satisfy the requirement for achieving energy self sufficiency while assist-
ing the Air Force to meet its conservation goals.

FUEL CELLS ARE POTENTIAL SOLUTIONS TO ENERGY VULNERABILITY

Fuel cell powerplants have inherent characteristics which can help decrease the

vulnerability of the system to energy supply interruption. These characteristics
include: the ability to be disMES.! and sited in local secure areas, inherent
high efficiencies which can reduce dependency on imported hydrocarbon fuels, and

the ability to operate independently of the electrical grid which can decrease
vulnerability to grid failure because of accidents, sabotage, war or electromagnetic

pulse (EMP). In addition, fuel cells are capable of operation on indigenous fuels

such as natural gas, biomass or coal-derived products, which also reduces fuel

import dependency.

Fuel cell powerplants are not commercial products today. However, United Tech-

nologies will be conducting extensive application testing of pre-commercial fuel cell

powerplants in the user environment. Over 50 dispersed 40-kilowatt powerplants
will be field tested beginning in 1982 in programs sponsored by the Department of

Energy (DOE), the Gas Research Institute (GRI) and the Department of Defense

(DOD). These powerplants will supply electrical energy to a facility, as well as

supply necessary thermal energy which will increase the overall efficiency of the

powerplant. Four of these powerplants will be tested by DOD at various Air Force

and Army facilities.

Dispersed fuel cell powerplants supplying megawatts of power have also been built.

A 1-megawatt pilot plant was successfully tested In late 1976 and demonstrated
operational features necessary for dispersed Commercial operation. The high etfi-
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clency, rapid load response, fuel flexibility and clean emisions- chceristftof
fuel cells led to the development of two 4.5-MW fuel cell de-motcators which are
being installed at two electric utility sites. One unit is being ilntatedM'bWCoflol-
Idated Edison Company in New York City. The New York program is jo"y
funded by DOE, the Electric Power Research Institute (EPRI), United Technol-
ogies, Con Ed and other utilities. A second 4.5-MW powerplant was purchased by
Tokyo Electric Power Company and is being placed into operation In Goi, Japan.

STUDY RESULTS

This study assessed the feasibility and potential benefits of utilizing megawatt fuel
cells located on the base, to provide critical electrical needs and to supplement the
thermal requirements of an Air Logistics Center (ALC). The fuel cell option was
compared to the option of purchasing electricity from the electrical grid with and
without government owned diesel backup. The study focused on the requirements
of the Tinker Air Logistics Center, located in Oklahoma City, Oklahoma.

The fuel cell powerplant selected for this application was the FCG-1, whose nominal

characteristics are described in "FCG-1 Powerplant Preliminary Specification",
prepared for the Electric Power Research Institute, July 1981. The power I plant is
rated at 11 MW of electrical power and can produce useful thermal energy. The
operating approach chosen was to run the fuel cell, sited at the ALC, as the
primary power source for the critical electrical needs and to utilize the power-
plant's thermal energy In the maintenance operations. The electrical grid would
provide power for the less critical needs plus backup power for the fuel cell. The
FCG-1 would supply approximately 2R of the peak power requirements and provide
supplemental thermal energy for use In maintenince operations.

Depeding upon the location of the fuel cell power plant and the degree of thermal
Integration, up to 101% of Its avolaoble thermal enemy could be utilized. This
would result in an overall fuel utilization in excess of 80.
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Since the fuel cell provides prime power to the ALC's critical facilities with the

grid as a backup, startup problems which can be experienced with emergency

generators are eliminated. In the event of the shutdown of either the grid or the

fuel cell, a power system which can supply the base is already in an operating

mode.

This study indicates that dispersed fuel cells, operating as described, can increase

the energy self-sufficiency of the ALC for the following reasons:

(1) By siting the fuel cell on the base, the center's critical electrical needs
are met by a power source that is secure.

(2) In the event of electrical grid loss, the critical power source (the fuel
cell) is operating. In an alternative case of the electrical grid plus
diesel backup, the diesel generators must be started after a grid loss.
The diesel starting characteristics must be considered in assessing the
ALC's survivability.

(3) By recovering thermal energy from the fuel cell for base maintenance
uses, the total fuel storage requirements for an energy supply inter-
ruption are reduced. It is estimated that 12 to 19 less fuel storage
would be required with the fuel cell than wth dies-el emergency gen-
erators.

(4) Utilizing a fuel cell to provide power to the critical needs can reduce the
vulnerability to the effects on the grid of sabotage, accidents and EMP.

The high fuel utilization achieved with the fuel cell pr.omotes fossil energy conser-

vation. Using criteria specified in the Air Force Facility Energy Plan Vol. II, the

conservation measures already instituted at Tinker reduce the specific energy

consumption in fiscal year 1981 by 5.7% relative to fiscal year 1975. If one 11-MW

fuel cell were installed, the energy consumption would be 16 to 2% less than

FY75. With two 11-MW power plants, the energy consumption would be 26 to 35%
less than base year consumption. The installation and operation of fuel cell power

plants could significantly contribute to an Air Force goal of a 30 reduction in the

energy consumption of building operations by fiscal year 1995.

Cost projections have been made for the reference FCG-1 powerplant. The instal-

led cost is a function of production level, degree of technology development,

1-4



investment in manufacturing facilities and other factors. The range of installed

costs of FCG-1 powerplants is projected to be on the order of 800 to 1500 $/kW.

Early commercial units will be higher in cost and units modified to military stand-

ards could cost more than commercial units.

An economic measurement recommended in the Air Force Facility Energy Plan,

Volume. II for calculating the merits of an investment in energy conservation equip-

ment is the yearly energy savings divided by the installed cost of the equipment

(E/C ratio). Using criteria specified in the plan, it is estimated that fuel cells

would have E/C ratios between 34 and 100 for the projected cost range. This

ratio would be higher if the fuel cell were compared to the grid-plus-diesel case

and the fuel cell cost were reduced by the "avoided" cost of the diesel. The

Energy Plan also specifies minimum and average values of E/C. The values speci-
fied for FY '84, minimum 17 and average 30, could be satisfied for fuel cell in-

stalled costs up to $3250 to $3750/kW and $1750 to $2500/kW respectively.

Life cycle cost analysis indicates that fuel cell powerplants offer the potential for
reduced costs when compared to either the grid or to the grid plus diesel backup.
For the example of a fuel cell installed cost of $1500/kW and a diesel installed cost

of $1000/kW, life cycle costs savings in the range of 9 to 20 million dollars are

possible with the fuel cell. The life cycle cost comparisons for a range of alter-

natives are shown in Figure 1-1. Fuel cells have lower life cycle costs, compared

to the grid plus diesel, for installed costs up to 1750 to $3500/kW. Similarly, the

fuel cell offers life cycle cost savings, compared to the grid alone, at installed

costs up to $1050 to $2050/kW.
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Figure 1-1. Life Cycle Costs of Providing 11 IW's of Electrical Power to Tinker

ALC

To determine the effect of energy costs on life cycle costs and to extend the %tudy

to other facilities, sensitivity analyses were also conducted. Fuel cell discounted
benefit-to-cost ratios were estimated as a function of the cost of electricity and

natural gas. In calculiting the benefit-to-cost ratio, only direct economic benefits
were estimated. Since energy self-sufficiency can be a tactical/strategic issue, its
economic benefits are not easily measured and it was not included in the economic

benefits. The analysis of benefits to costs is based upon the following assump-

* tions:

75% utilization of fuel cell heat

$1000ikW diesel installed cost

$1500/kW nominal fuel cell installed cost
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The impact of energy costs on discounted benefit-to-cost is shown in Figure 1-2.
For locations where the combination of gas and electricity costs are in the shaded
region, the fuel cell would have lower life cycle costs than the grid plus diesl.
The current energy costs for various ALC's as well as two energy cost projections
are shown in Figure 1-2. The fuel cell powerplants offer life cycle cost savings to
the Air Force at several locations, both at today's energy costs as well as at
projected costs.

AIR FORCE SM EERGY COST

o TINKER. DECEMBER IM3Ql TINKER. LEVUZED. IWIZEIOM

AI FORCUE 1011TALLAIS
OPERTIOU, LEVELIZED. 110M33

<> BOUNs. NTEK OF1IMo MILL UTER OF 1I3

U

CYCLE cut OF INS 0Km MUELS
WENEFIT TO COST > Vi

6~ U . . . U

ELECTRCITY COST - 1124

Figure 1-2. Effect of Energy Costs on Discounted Benefit to Cost Ratio
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In summary, fuel cells can benefit the Air Force by increasing the energy self-
sufficiency of their bases, while reducing specific energy consumption and'pro-
viding lower life cycle costs than the alternatives considered. As a result of this
study, areas for further investigation have been recommended.
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SECTION II
INTRODUCTION

Many military installations in the United States have critical mission requirements

which necessitate the availability of uninterruptible electrical power. There is a

growing concern for the ability of the energy supply system in the United States
to provide this needed energy during national emergencies. This national concern

focuses on several areas:

(1) Grid supplied electrical power is vulnerable to war, sabotage, accidents,
weather and acts of nature. In addition, electromagnetic pulse (EMP) is
an additional concern for systems that rely on the electrical grid.

(2) The reliance of the system on imported fuels leads to vulnerability to an
energy supply cutoff such as was experienced during the 1974 oil em-
bargo.

(3) The fuel supply system in this country is highly centralized, relying on
pipelines and transportation systems for distribution. These distribution
systems are vulnerable to interruptions similar to those that can affect
the grid.

These issues are discussed more fully in the Federal Energy Management- Agency

(FEMA) report entitled "Dispersed Decentralized and Renewable Energy Sources:

Alternatives to National Vulnerability and War" (Reference 1). Dispersed energy
systems are suggested as offering the best potential for survival and recovery of

the energy system. In addition, the FEMA report identifies alternative energy

systems such as cogeneration systems and fuel cells as technologies which can

reduce dependency on imported fuels.

In response to these concerns, the Air Force Logistics Command has established a
goal of achieving energy self-sufficiency at its Mintenance Centers by the year

2000. Energy self-sufficiency would enable the Logistics Centers to continue

critical maintenance operations after disruption of the normal energy supply

mechanisms. In addition to the goal of energy self-sufficiency, the Air Force has
energy conservation goals which provide guidelines for reduction in facility energy

consumption.
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The Air Force Systems Command, in response to these operational requirements,

has identified phosphoric acid fuel cell technology as a potentially superior tech-

nology to satisfy the requirement for achieving energy self sufficiency while assist-

ing the Air Force to meet its conservation goals.

In a fuel cell powerplant, a wide range of existing or planned fuels can be are

converted to electricity. The fuel cell process (Figure 2-1) consists of:

o a chemical transformation of the fuel to hydrogen;

o an electrochemical conversion of hydrogen and oxygen (from the air) to
dc power; and,

o a power-conditioning step where the dc power is converted to ac power.

Heat generated by the conversion process must be removed from the system. This

heat can be rejected to air or water or recovered for cogeneration applications.

The possible fuels include light petroleum distillates, natural gas, coal-derived

gases and liquids, and gases produced from biomass.

The electrochemical conversion is static and essentially independent of scale. As a

result, fuel cell powerplants have several unique features. The fuel cell has a

high efficiency over a wide range of power ratings. The emission levels are lower

than combustion-based conversion processes. Measured data from experimental

powerplants are significantly lower than existing standards (Figure 2-2).

External water is not required for fuel processing or powerplant cooling; only fuel

and air need to be available at the powerplant site. This lack oY' reliance on

external water supply is valuable in areas where water is scarce or expensive.

Power conditioning incorporating solid state technology Is efficient and provides

rapid response to changes in load and ihherent reactive load control. Each of the

major subsystems in the generation process is modular and adaptable to factory

assembly. As a result, the powerplant can be designed to minimize on-site con-

struction and reduce lead time.
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During the past decade, a number of experimental and development fuel cell power-
plant programs contributed to the evolution of the technology.

Both a 40-kW and a 1-MW experimental fuel cell powerplant have been designed,
fabricated and tested by United Technologies. The 40-kW unit (Figure 2-3) oper-
ates automatically, with provisions incorporated for recovery of thermal energy and
water for its own use. The powerplant, fueled by natural gas, has demonstrated
total energy efficiency of 80 percent (Figure 2-4). The powerplant has operated
for more than 18,000 hours with few major component replacements required.

The 1-MW pilot plant represented a major step in scale-up. This powerplant
(Figure 2-5) was successfully tested in late 1976, and demonstrated the critical
operational features necessary for dispersed utility applications. These include
high efficiency, rapid load response, reactive power generation, fuel flexibility and
clean emissions.

At present, there are two 4.5-MW experimental fuel cell demonstration units being
installed at electric utility sites by electric utility personnel. The first unit is
being installed by Consolidated Edison Company in New York City. The power-
plant is jointly funded by DOE, EPRI and UTC. The installation and test is
jointly funded by DOE, EPRI, Con Ed and other utilities. The second 4.5-MW
powerplant was purchased by the Tokyo Electric Power Company and is being
installed in Goi, Japan, Figure 2-6. This powerplant Incorporates an improved
fuel cell power section and produces 50 rather than 60-Hz power. With the
experience gaihed from the first demonstration unit, the fabrication and installation
period has been reduced considerably.

The 40-kW and 1-MW testing has confirmed the potential for dispersed siting in
constrained areas. The modular construction and installation requirements neces-
sary for short lead time have been demonstrated. The forthcoming tests on the
4.5-MW units should provide substantiation of operational characteristics. How-
ever, the cost issues necessary for commercial operation, including initial capital,
installation and maintenance costs, require further technology development.
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The Air Force Systems Command, through their own studies, have identified the
phosphoric acid fuel cell technology as a superior technology to satisfy the Air
Force Logistic Command requirements for improved energy self-sufficiency. The
concept entails the fuel cell powerplant, sited on the base In a secure area opera-
ting continuously, supplying electrical and thermal energy to the ALC. The
powerplant could be sized to provide sufficient power for critical electrical needs
with the electrical grid providing backup power for these loads plus power for the
other less critical loads. Since the fuel cell operates continuously with the grid as
a backup, the necessity to start emergency generators in the event of power loss
is eliminated.

The objectives of this contract were to (a) assess the feasibility of utilizing a
megawatt-size phosphoric acid fuel cell power system to supply critical electrical
and thermal energy requirements of an Air Logistics Center, (b) provide pre-
liminary conceptual designs and performance evaluations for this application, and
(c) quantify the potential benefits to the Air Force resulting from the use of
dispersed fuel cell powerplants. Tinker Air Force Base was selected to provide a
focal point for defining the requirements and establishing the benefits.

In order to achieve these objectives it was necessary to establish the electrical and
thermal requirements for the Air Logistics Center at Tinker Air Force Base. This
effort was assisted by and coordinated with personnel from Tinker. Based on
these requirements, an Il-MW fuel cell powerplant similar to that being studied for
electric utility dispersed applications was selected for evaluation. These evalua-
tions included an assessment of energy self-sufficiency, energy consumption reduc-
tion and overall life cycle costs. The benefit measures and financial factors used
in this study were based upon review of appropriate government documents and
discussions with Air Force personnel.
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SECTION III
REQUIREMENTS OF TINKER AIR LOGISTICS CENTER

OVERALL REQUIREMENTS

The selection of the fuel cell powerplant configuration and the evaluation of the

overall fuel cell impact is dependent upon the specific application requirements. In
particular the operational requirements with respect to performance, environmental,
logistic, and cost parameters, determine the suitability of the powerplant for the
application. The specific requirements for Tinker Air Force Base were determined
primarily from a questionnaire completed by Tinker Air Force Base personnel and
previously published energy assessments (References 2 and 3). This material was
supplemented by data from base boiler "logs", a tour of the ALC and direct com-
munications with Base personnel. The close coordination with Base personnel
provided a good mechanism for obtaining current data and constructive suggestions

and for ensuring that the key application factors were identified and factored into

the analysis.

The application requirements with respect to environmental, logistical, perform-

ance, safety, survivability and cost parameters are shown in Tables 3-1, 3-2, and
3-3. The tables list the minimum operational requirements which must be satified

to complete the ALC mission. The cost requirements provide the basis for com-
paring the fuel cell to the other alternatives for providing the ALC operational
requirements.

The FY81 thermal and electrical energy requirements consist primarily of grid

electricity and natural gas, with a small quantity of fuel oil which is not shown in
the tables.

The thermal energy is used primarily for various process heating requirements in

the manufacturing buildings, for space heating, and for air conditioning.
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Previous studies (Reference 4, 5) have shown that the heat available from the fuel
call powerpiat Is 'compatible with these uses. In particular, the fuel cell could

provide heat for:

1. Boiler fedwater or furnace air preheat.
2. Building space hosting requirements.
3. Moderate temperature manufacturing process use.

The degree to which the available heat is utilized depends upon the temperature

level required, and the seasonal variation In thermal use. For this reason informa-
tion on temperature levels and seasonal variations was developed for the boilers,
process heating and space heating requirements. The specific requirements for
each of these elements are discussed below.

TABLE 3-1.
AIR LOGISTICS CENTER APPLICATION PERFORMANCE REQUIREMENTS

Parameter Requirement to Complete ALC Mission

Reliability must equal diesel-electric generators

Lifetime 25 years minimum

Maintenance mantnan should be reduced to the

level of existing capablity

Growth Potential N/A at present

Startup Time Less than 1-4 hours If utilized as anoff-line elmrgency back-up

Therml Energy* 2.14 x 1012 Stus/yr (FY'81)

Electrical Output* 2.06 x 104 kW hrs/yr (FY'81)
42 MW peak (calendar '11)
24 MW average (FY'81)

* Total ALC Consumption
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TABLE 3-2.
AIR LOGISTICS CENTER APPLICATION

ENVIRONMENTAL/LOGISTICAL REQUIREMENTS

Parameter Requirements to Complete ALC Mission

Fuel Types(s) must be able to operate on locally
available fuels, natural gas, coal,
petroleum derivatives or biomass

Volume/Size space adjacent to loads is at premium

Weight not a factor

Environmental must meet local emission requirements

Safety design for dispersed siting
design consistent w/codes

Survivability grid connected or isolated operation
can be sited in secure areas

EMCS suitable for computer operation
no special requirement on powerplant

TABLE 3-3.
AIR LOGISTICS CENTER APPLICATION COST REQUIREMENTS

Parameter Requirement to Complete ALC Mission

Acquisition must pay back during equipment
lifetime

Life Cycle

Maintenance to be considered as part of economic
analysis

Operation

3-3

I I**I4 4



THERMAL REQUIREMENTS

The thermal needs of the Tinker Air Logistics Center are provided by individual

boiler plants which are dispersed within the Base. These boiler plants provide

heat to three functional areas which contain ALC facilities (Areas A, B and C).

Areas B and C are adjacent and are served from a common system. The functional

areas and boiler plants are shown in Figure 3-1. The operating characteristics of

the'individual boilers are as follows:

a. Boiler Plant 3001 operates on a year-round basis, providing steam to the
main manufacturing building (3001). This energy is used to provide
process heat, space heat and steam for air conditioning.

b. Boiler Plant 2102 supplements 3001 during the heating season. Tinker
Civil Engineering indicates that the output of this boiler is used primar-
ily for space heating.

c. Boiler Plant 208 provides service to warehouses and other facilities in
Area A. Tinker Civil Engineering indicates that this boiler is primarily
used for space heating and will be shut down during the cooling season.

In order to determine seasonal variations, Tinker Civil Engineering supplied data

for twelve months for Boiler Plant 3001 and for one heating season month for

Boiler Plants 208 and 2102. The data supplied, in the form of boiler "logs",

include average monthly steam output, condensate returned temperature, feedwater

temperature, amount of makeup water required, flue gas temperature and % 02 in

the flue. Typical boiler logs used in this study are shown in the Appendix. A

summary of the data taken from the supplied boiler logs is shown in Table 3-4.

Using these data, the energy required for furnace air preheat, feedwater heating

and space heating were estimated.

In addition to providing data on the overall thermal requirements, the question-

naire returned by Tinker personnel provided data on the thermal requirements of

specific manufacturing processes within the ALC. The data provided are shown

in Table 3-5. The average hourly thermal consumption and temperatures of these

processes are shown in Figure 3-2. These characteristics were utilized to deter-

mine which processes could be serviced by the fuel cell thermal output.

3-4

7P 1



.0

A2U

1A.

3-55



TABLE 3-4.
TINKER ALC BOILER LOG DATA SUMMARY

Condensate
Boiler Average Returned Feedwater % Makeup
Plant Daily Output Temp Temp Water Location

3001 87,000-154,000 135-145OF 2400F 26-54% B/C
Lbs Steam/Hour
(1981)

2102 19,000 161 168 17 a/C
(Feb. 1981)

208 98,960 196 220 11 A
(Dec. 1980)

4- Space heating is a thermal requirement which could be provided by the fuel cell.
Since this usage is not directly measured, it had to be estimated from the data

provided. The personnel from Tinker Civil Engineering and OC-ALC/XRS indi-
cated that the thermal outputs of Boiler Plants 208 and 2102 are used primarily for
space heating during the months of October through April. The thermal output of
each of these boilers was provided by Civil Engineering for one month, December
and February, respectively.

The space heating requirement provided by Boiler Plants 208 and 2102 for these
months was then estimated by reducing the total output to account for the process
heating duties of each boiler. Process heating duties included aircraft cleaning
and aircraft paint (Boiler Plant 2102) and accessory cleaning and degreasing,
parachute drying and fiberglass ovens (Boiler Plant 208). The space heating
duties for other heating season months were estimated on the basis of monthly
degree days. This analysis results in a conservative estimate of the space heating
in that a 25% reduction in degree days was assumed to result in a 25% reduction in
building space heating requirements. The actual reduction in space heating would
be less due to line steam and thermal losses which would not be reduced directly
with degree days. The estimated monthly space heating provided by Boiler Plants
2102 and 208 is shown in Figure 3-3.

3-6
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TABLE 3-5
OC-ALC/MA THERMAL LOADS

Energy Load Temp
Shop Bldg. Type Load Source M~tu/hr Required Time Other

1 Chem. Clean 3001 tank w/solutions steam P-9 3-130PF 15 hr/dy 4-1500F 2-250OF
A-8 2-1406F 7 dy/wk 27-185OF

2-3000F 24 hr/dy 8-220OF 74-120OF
2 Plating 3001 tank w/solutlon steam A-4.92 3-250OF 7dy/wk 27-I180F

3 Manifold Clean 3001 elect, oven elect. P-0.561 16 hr/dy
tank w/solutlon steam A-0.293 160F 5 dy/wk

P-0485 1-2509F 8 hr/dy
4 Tank & Cooler 3001 tank w/solution steam A-0.207 2-1500F

P-0.242 8 hr/dy
5 Bearing Shop 3001 tank w/solution steam A-0.117 135-237OF S dy/wk 4 tanks

elect. A-S01kW 650F 8 hr/dy 8 elect.
6 Paint Shop 3001 ovens steam 1806F 8 hr/dy 1 steam 10'x6'x6'

ovens 150OF 8 hr/dy 6'x6'x30'
7 In-process Clean 3001 tank w/solution steam 1804F 8 hr/dy 6'x6'xKS 7 *a.

2-1206F
8 Governor Accy's 3001 tank w/solution steam 1-2006F 3 tanks

Shet Mta 301 dgrase stam P-0-27 8 hr/dy
9 See Meal 301 dgrsse sem A-0. 162 250OF 5 dy/wk

P-0.102 8 hr/dy
10 Accy's Clean 210 tank w/solution steam A-0. 1 1804F 5 dy/wk 6 tanks

P-0.24 8 hr/dy
11 Accys Degreaser 210 tank w/solution steam A-0.2 2606F 5 dy/wk

12 Accys Test 210 hot air not. gas A-7.B9 1000*F continuous
P-0.35 3 hr/dy

13 Parachute 229 hot air steam A-0.3 120*F S dy/wk drying tower
4 elect. P-0.15 225-4009F B hr/dy A-0.14

14 Fiberglass 230 ovens 2 steam P-0. 15 140-2206F 5 dy/wk A-0. 1
P_. . 24 hr/dy

15 Aircraft Clean 2122 hot water steam A- .094 1406F 5 dy/wk
16 CSD 2210 absorption chiller sterno from Hazelwood

P-0.35 24 hr/dy
17 Aircraft Paint 2260 hot water steam A-0. 063 1406F S dy/wk ___

P a Peek Use

3-7



I us

iluL UUVI134VU3UW

dent -L UUO1 31U0U33V

isll ' minwuolam.

doe > A.> aalo ai U

uubwiWuMM - OLLMIUOf lYWUINI ISVUUAW

3-8



UF

a4.

I

~a 0

vw mni - 4..N ns o

3-9



The total space heating load provided by Boiler Plant 3001 was not determined.

However, a portion of this space heat was estimated by the method suggested in

Reference 2. This report indicated that a space heating load is associated with

the continuous flow of purge air through the electroplating area. This air flow,

approximately 343,000 ft 3 per minute, removes heat from Building 3001 during the
heating season and represents a space heating load. In estimating this load, it

was assumed that the purge air was heated from ambient temperature to the com-

fort temperature of 65*F. This estimated space heat is also shown in Figure 3-3.

THERMAL REQUIREMENTS COMPATIBLE WITH FUEL CELL

While the overall thermal loads at Tinker are large, the degree to which they can

be satisfied depends upon temperature levels, seasonal variations, the location of

the fuel cell relative to the loads and the size of the fuel cell installation.

In order to assess the compatibility of the fuel cell with these thermal loads, each

of the individual loads was examined in greater detail. Based on the layout of the
Air Logistic Center, Area A and Areas B/C were considered individually since fuel

cells could be sited to serve each separate area or could be located to serve the

combined areas.

The thermal compatibility analysis considered seasonal variation in the thermal

requirements of the ALC by utilizing boiler plant output for a month typical of

each season:

Winter January

Spring April

Summer July

Fall October

The thermal output of the boiler plant for any month was the average daily value

for that month, as taken from the boiler logs.
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In matching the thermal needs to fuel cell thermal output, only that portion with
temperatures below the source temperature, i.e., fuel cell stream temperature, was
considered. In general, present phosphoric acid fuel cells can provide thermal
energy at temperature levels up to approximately 2650F. In addition, if desired
some saturated steam can provided up to 372*F, when natural gas is the fuel.
Each of the individual thermal uses were examined and then composite thermal re-
quirements, compatible with the fuel cell heat, were developed for each area.
These composite requirements account for seasonal variations and are adjusted to

avoid double counting of thermal requirements.

Based upon the fuel cell temperature level, it was determined that fuel cell heat is
of sufficient quality to provide building space heating requirements. It is esti-
mated that the monthly space heating requirements range from approximately
20 million to 118 million Btu per hour for area A and 6 million to 35 million for the
partial requirements of area B/C.

The temperature requirements for the individual manufacturing processes range
from 35OF to 10000F. Since the fuel cell heat has a maximum temperature of ap-
proximately 2650F, only that portion of the ALC's thermal requirements with maxi-
mum temperature below 240°F were considered to be compatible with the fuel cell
available heat. The process heating requirements within this range are approxi-
mately 10 million Btu per hour in Area B/C and approximately 2 million Btu per
hour in Area A. These requirements do not include other potential uses for fuel
cell heat, for which data was not available (i.e., paint shop oven, in-process
cleaning and governor accessories - items 6-8, Table 3-5).

In the boilers in Building 3001, condensate is returned to the boiler system, mixed
with makeup water and then heated to 240°F in a feedwater heater. The feedwater
heating requirements are a function of the condensate return temperature, the
percentage makeup water, and the total feedwater flow rate. Since both the
total quantity of water and the amount of makeup water varies with season, the
amount of feedwater heating required has a seasonal variation. This seasonal
variation was utilized in estimating the amount of heat that can be provided by the
fuel cell. The boilers in Building 3001 provide both space heat and Individual
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manufacturing processes for which fuel cell heat may be substituted. Therefore,

in estimating the feedwater heating requirements, the output of these boilers was
reduced to reflect those requirements which would be satisfied directly by the fuel

cell. It was determined that the fuel cell heat is of sufficient quality to provide

feedwater heating. The boiler feed water requirement heat is estimated to be

beween approximately 8 million and 16 million Btu per hour depending on the

season.

Since Boiler Plants 208 and 2102 are primarily used for space heat and since fuel
cell heat was determined to be capable of direct substitution for this duty, fuel

cell heating of the feedwater was not considered.

For similar reasons to those discussed above, fuel/air preheat was only considered

in Boiler Plant 3001. This furnace operates at 20% excess air, with a flue gas

temperature of approximately 325*F. The difference between the furnace air

ambient temperature and the flue gas temperature is a partial measure of the

furnace's inefficiency. Using fuel cell heat to raise the temperature of the air/fuel

from ambient to 2404F will result in a lowering of the amount of fuel required by

the furnace. Seasonal variation of ambient temperature and flue gas composition,

as given in the boiler logs, and boiler output were used to determine the amount

of fuel cell heat that can be provided. As was done in the feedwater heating

case, the output of Boiler Plant 3001 was lowered by the amount of process or

space heat provided by the fuel cell. Analyses indicate the fuel cell output is of

sufficient quality to preheat air and fuel from ambient temperature to 2400F. The

amount of heat for this duty varies between 3 and 5 million Btu per hour de-

pending on season.

As noted above, limited steam at 372OF is also available from the naturel gas fuel

cell powerplant. From discussions with Tinker Civil Engineering, it was deter-

mined that this steam would be useful for a number of applications, such as air

conditioning, space heating, or providing additional feedwater or furnace air

heating.
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Table 3-6 lists the ALC thermal requirements which are compatible with the fuel
cell powerplant, identifies the location and indicates the nature of the load.
Figure 3-4 summarizes the composite thermal needs which could be satisfied by the
fuel cell powerplant with thermal energy at a maximum temperature of approximately
2650F. The requirements are broken out by area and season. The requirements
for Area B/C vary from approximately 33 million Btu per hour to 64 million Btu per
hour with only moderate variation from season to season. The average require-
ments in Area A are highly variable, ranging from a low of 7 million Btu per hour
in the summer to 120 million Btu per hour in the winter. Using these requirements
provided the basis for assessing the feasibility of utilizing the thermal energy from
a MW sized fuel cell powerplant.
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SECTION IV

EVALUATION OF FUEL CELL FEASIBILITY

As mentioned earlier, United Technologies Corporation is developing a range of

fuel cell powerplants for commercial applications. At the present time, emphasis is
focused on both multi-kW and MW-sized powerplants. A preliminary specification

for a MW-sized powerplant has been prepared for the Electric Power Research

Institute under contract RP1777-1. The details of this specification are presented

in Reference 6. The document also provides data on available options for the

powerplant, some of which may be appropriate for ALC applications. The FCG-1 is

rated at 11 MW and can operate on a variety of fuels. The standard power plant

operates on natural gas, light distillate fuel, synthetic natural gas, liquified
natural gas, and propane, and can be configured to operate on a variety of

customer-selected fuels derived from coal, petroleum, shale, tar sands, biomass,
waste treatment and process by-products. The capability to operate on indigenous

fuels such as natural gas and coal-derived products can help reduce vulnerability

to a fuel supply interruption. For this application, natural gas was assumed as

the primary fuel with light distillate (naphtha) as the alternative. The nominal

powerplant characteristics are summarized in Table 4-1. For cogeneration appli-

cations, the recoverable thermal energy is approximately 39 million Btu/hr, of

which 5 million Btu/hr can be in the form of 372*F steam.

The thermal energy of this powerplant is contained in circulating liquid streams at

the temperature levels specified in Table 4-1. While the FCG-1 is not presently

configured for heat recovery, the thermal energy contained in these loops would

be recoverable by appropriate heat exchange. For example, if it is desired to use

the thermal energy to provide boiler feedwater heating, a heat exchanger with the

fuel cell liquid stream on one side and the feedwater on the other may be optimum.

If contamination is a concern, such as In providing heat to the plating tanks, an

intermediate liquid stream may be appropriate.

A comparison of the 11-MW powerplant features to key performance, environmental

and logistics requirements is presented in Tables 4-2 and 4-3.
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For the most part the operational characteristics of the 11-MW powerplant meet or

exceed the requirements for the Air Logistic Centers. Although the unit rating is
less than the total base demand, sufficient units could be added to provide for all
loads and to have a good balance between the thermal and electrical output. The

selection of number of units involves an analysis of both critical loads and opera-

ting economics.

TABLE 4-1
NOMINAL FCG-1 FUEL CELL POWERPLANT CHARACTERISTICS

o Rating: 11MW

o Fuel:* Natural Gas or Light Distillate

o Heat Rate: 8340 Btu/kW Hr (Natural Gas)

o Recoverable Thermal Energy - 39 million Btu/Hr

265 to 2250F - 31. % of Heat

225 to 1850 F - 31.5% of Heat

185 to 1200 F - 37.0% of Heat

* Other fuel capabilities available as options

- Option available with 5million Btu/hr of 3720 F steam
(natural gas mode)

4-2
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TABLE 4-2.
AIR LOGISTICS CENTER APPLICATION ENVIRONMENTAL/

LOGISTICAL REQUIREMENTS COMPARED TO FUEL CELL FEATURES

Reqm't to Complete Megawatt Fuel
Parameter ALC Mission* Cell Features**

Fuel Type(s) Must be able to 0 Multi-fuel capability
operate on locally 0 Coal/biomass derived
available fuels, fuels
natural gas, coal,
petroleum derivatives
or biomass

Volume/Size Space adjacent to o Modular in design
loads is at premium 0 Siting flexibility

o Truck transportable

Weight Not a factor

Environmental Must meet local o Minimal air emissions/
emission requirements discharge

o No water required
o Minimal noise

Safety Design for dispersed o Designed for rural/urban
siting siting

o Design consistent w/codes

Survivability o Grid connected or o Can be adapted for either
isolated operation grid-connected or isola-

o Can be sited in o Can be sited in secure
secure areas areas

EMCS 0 Suitable for com- 0 Suitable for computer
puter operation operation

o No special reqm't o No special reqm't on
on powerplant powerplant

* Tinker AFB input
SUTC input

JI
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TABLE 4-3.
AIR LOGISTICS CENTER APPLICATION PERFORMANCE
REQUIREMENTS COMPARED TO FUEL CELL FEATURES

Reqm't to complete Megawatt Fuel

Parameter ALC Mission* Cell Features**

Reliability Must equal diesel- o High unit availability
electric generators o F/C w/grid backup

results in high power
reliability

Lifetime 25 years minimum o Design life -30 years

Maintenance Maintenance should o Minimal routine main-
be reduced to the tenance reqmt's
level of existing o Modular design
capability simplifies replacements

Startup Less than 1-4 hours o Startup time 1-4 hours
Time if off-line emergency if off-line. Potential for

I backup rapid change-over from
grid connect to isolated

o Concept utilizes grid as
backup

Electrical 2.08 x 108 kW hrs/yr*** o 11 MW rated output power
Output 42 MW peak*** quality and interface

24 MW average*** compatible with grid

* Tinker AFB input
UTC input

** Total electrical consumption, demand of Tinker
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The reference powerplant specification provides for grid-connected only operation;
however, the unit can be adapted to either grid-connected or isolated operation.
Grid-isolated operation can reduce the vulnerability of the ALC to the effects of
electromagnetic pulse. The startup time is longer than required for use as an
emergency generator. However, it is anticipated that the fuel cell would bit
operated continuously in parallel with the grid, to maximize fuel savings. With
this mode of operation the switchover from grid to isolated operation would be well
within the startup requirement for backup power.

The present FCG-1 is designed for operation on both natural gas and light distil-
late fuels. System options for extending the fuel range to cover a range of coal
and biomass derived fuels have been identified. System studies indicate that these
changes can be accommodated with minimum impact on cost or performance for fully
developed power plants (Reference 7). It is estimated that, for the configuration
used in the reference FCG-1 powerplant, the fuel switchover from natural gas to
light distillate could be achieved in approximately one hour.

The FCG-1 availability objective is consistent with dispersed application in the
electric utility network. The overall availability can be influenced by the level of
component redundancy and the approach to spare parts provisioning.

By comparing the quality and quantity of the FCG-1 thermal energy to the require-
ments of the ALC, an estimate was made of the degree to which this energy is
suitable for use. Figure 4-1 compares the compatible thermal requirements with
the thermal output of one FCG-1 fuel cell powerplant. Considering all uses, the
requirements for Area B/C are close to the FCG-1 thermal output. Area A is
primarily space heating, therefore the heat utilization would be low during the
summer months. Table 4-4 shows the extent of heat recovery possible as a func-
tion of fuel cell location and the type of thermal integration with the base. Three
11-MW powerplant location options were considered for this analysis: one in Area
B/C, one in Area A, or one in each area. For each option, it was assumed that
the fuel cell would provide space heating only or heat to all of the compatible
thermal loads within the area. For the space heat alone option, the overall heat
utilization ranged from approximately 30 to 50%. However by proper selection of
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the site and degree of integration, heat utilization of 50 to 90% might be antici-
pated. For example, the siting of two 11-MW powerplants might consist of one in
Area A providing space heating only plus one in Area B/C providing space heat
plus selected process heat. This combination could result in utilization in excess

of 70%. Heat utilizations of 100% are possible if the powerplant could provide

thermal energy to uses which are presently in either location.

Based upon this analysis, it is feasible to operate an 11-MW fuel cell power plant
continuously at Tinker ALC and have a high fuel utilization. The potential benefits
arising from this application are discussed in the following section.

TABLE 4-4.
HEAT RECOVrRY OPTIONS AT TINKER ALC

AND UTILIZATION OF F/C HEAT

F/C Location

One 11-MW Power- One 11-MW Power- One 11-MW Power-
Thermal Use Plant in Area A Plant in Area B/C Plant in Each Area

Space Heat -53% -31% -42%

All Uses Identified -57-60 '-0 -74-75

* Includes heat associated with plating air purge but not other Building 3001 space
heat
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SECTION V

POTENTIAL FUEL CELL BENEFITS

The preceding analysis indicates that an 11-MW fuel cell powerplant has the per-

formance, environmental and logistic features suitable for siting within the Air

Logistics Center at Tinker Air Force Base. The analysis of the base thermal
requirements indicates that high overall fuel utilization could be achieved if the

powerplant is operated at rated conditions to supply the ALC's critical electrical
requirements plus a portion of the center's thermal requirements. An 11-MW fuel

cell sited at Tinker ALC would supply approximately 26% of the 1981 peak electrical

demand for 42 MW.

In this section the potential benefits which could result from deploying fuel cell

powerplants at Tinker ALC are presented. The specific benefit areas considered
include energy self-sufficiency, energy conservation and potentially lower life

cycle costs.

ENERGY SELF-SUFFICIENCY BENEFITS

A prime concern of the Air Force Logistics Command is to continue providing

critical maintenance functions in the event of disruption in the energy supply

system. These disruptions could include loss of grid electric power and/or fuel

supply due to natural causes, accidents, or sabotage. In addition, control of

foreign oil supplies could seriously compromise the operation of oil-fired thermal

equipment. One approach to ensuring a high degree of energy self-sufficiency

would be to completely isolate the base's electric supply from the grid and to
incorporate extensive fuel storage facilities. An alternative, which is presently

employed to a limited extent, is to Install government-owned backup diesel gen-

erators. These generators would be started and operated in the event of grid

failure.

The dispersed fuel cell, operating in the cogeneration mode, offers another alter-

native. The fuel cell powerplant would operate continuously in parallel with the

electric grid supplying electrical power to the ALC's critical needs. The grid

5-1



would supply less critical needs and supply backup power to the fuel cell. These
approaches are illustrated in Figure 5-1. With the fuel cell approach, energy

self-sufficiency is enhanced because:

o The fuel cell, which supplies the ALC's critical electrical needs, is
located in a secure area, the Air Base. In the alternative, the prime
power source, the electrical grid, is vulnerable to loss due to weather,
sabotage or accident.

o Both the fuel cell and the grid are operating and are rapidly available in
the event of loss of either. In the grid 'plus diesel case, the backup
diesel generators must be started and synchronized to the load when the
grid is lost. This reduces both the response time and the overall reli-
ability.

o Since the fuel cell is operating with recovery of thermal energy, high
overall thermal efficiency is possible. This minimizes the fuel storage
requirements in the event of fuel supply interruptions and provides
conservation benefits. The reduction in fuel storage requirements is
quantified in the "Conservation Benefits" section.

o By electrically isolating the fuel cell and critical loads from the grid, the
effects of electromagnetic pulse on the ALC are reduced.

In addition to improving the overall energy self-sufficiency, the fuel cell power-
plant could offer improvements in conservation and operating economics due to the

high overall fuel utilization.

VWAL ~ maw
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Figure 5-1. Approaches to Supplying ALC Critical Electrical Needs
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CONSERVATION BENEFITS

As noted in the previous section, the integration of the 11-MW fuel cell powerplant
with the thermal system of the ALC could provide overall fuel cell heat recoveries
up to 100% depending upon the location of the fuel cell powerplant and the degree
of thermal integration with the ALC. Based upon these results, the overall reduc-
tion in energy consumption was estimated for the Tinker Air Logistic Center.
These estimates are based upon the procedures specified in the Air Force Energy
Plan (Reference 8). In addition to the the degree of fuel cell fuel heat recovery,
the following input was used in estimating the reduction in energy consumption:

Fuel cell heat rate 8340 Btu/kWh
Grid electricity heat rate - 11,600 Btu/kWh (Ref. 8)
ALC boiler average thermal efficiency - 76%

Figure 5-2 shows the relationship between the reduction in ALC specific energy
consumption (millions of Btu per square foot of building area) and the overall fuel
cell heat recovery. As prescribed by the Air Force Energy Plan, these reductions
are relative to the energy consumption in fiscal year 1975. With the conservation
measures already instituted at Tinker the specific energy consumption in fiscal

year 1981 was 5.7 less than fiscal year 1975. If one 11-MW fuel cell were instal-
led, the energy consumption would be 16 to 20% less than FY75. With two 11-MW
power plants, the energy consumption would be 26 to 35% less than base year

consumption. The installation and operation of fuel cell powerplants could signifi-
cantly contribute to arf Air Force goal of a 30% reduction in the energy consump-
tion of building operations by fiscal year 1995.

In addition to the conservation savings realized under normal operating conditions,
the fuel storage requirements to maintain the ALC operational during emergency
operations is also reduced, when compared to diesel backup generators. The
magnitude of this savings Was estimated assuming a 30-day Interruption in both

thermal and electrical supply. The storable fuel for the fuel cell was light
distillate while the backup diesel used #2 fuel oil. The heat rate of diesel
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generators was estimated to be 11,040 Btu/kW hr (Reference 9). Figure 5-3 shows
the reduced fuel storage for the fuel cell case. For the range of 50-100% heat re-
covery, 11 -MW's of power and Tinker's average thermal load, the fuel cell would
require approximately 12 to 19% less fuel storage.

ImN GOAL FOR
BULDING OPERATONS

%RECOVERY OF FUEL CELL THERMAL ENERGY 1124

Figure S-2. Effect of Fuel Cells on. Tinker ALC FY'81 Energy Consumption
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Figure 5-3. Effect of Fuel Cells on Fuel Storage Requirements

ECONOMIC BENEFITS

Economic Assumptions

Several economic measures are used by the Air Force in assessing the value of

alternative courses of action. Two applicable measures for this. study are the

energy savings-to-cost ratio (E/C) and the life cycle cost. The Air Force Facility

Energy Plan (Ref. 10) defines the energy savings to cost ratio as:

E/C = Millions of Btu Saved/Year
Capital Cost of Equipment (thousand of dollars)
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The Facility Energy Plan also provides goals for E/C ratios for various fiscal

years.

Life cycle cqsts represent the total capital, operating and maintenance expenditures
over the entire life of the equipment. In order to account for the tim, value of
money, the annual expenditures are discounted at a specified rate. The method-
ology used in developing these measures is defined in The Code of Federal Regu-
lations, CFR Part 436 (Ref. 11), the "Life-Cycle Costing Manual for the Federal

Energy Management Program" (Ref. 12) and The Federal Register, November 18,
1981 pages 56716-56733 (Ref. 13). Some of the. general guidelines for the economic

factors are:

Discount rate - 7%

Economic life - 25 years

Constant 1981 dollars
Energy cost escalation based on real cost increases
Fuel cell cost is 90% of actual

The 7% discount rate and 25-year economic life are specified in the Energy Sec-
urity Act (Public Law 96-294), Section 405. They are to be used for evaluating
potential energy conservation measures for federal buildings. The Code of Federal
Regulation, CFR Part 436 (Reference 11) includes cogeneration systems as one of
the potential energy conservation measures that are applicable. The use of con-

stant dollars, except where an item is expected to escalate at a rate greater than
general inflation (such as energy), and the use of the 90% cost factor are specified
in "Life-Cycle Costing Manual For The Federal Energy Management Program", 12/80

(Reference 12).

Cost projections have been made for the reference FCG-1 powerplant. The instal-

led cost is a function of production level, degree of technology development,
investment in manufacturing facilities and other factors. The range of installed

costs of FCG-1 powerplants is projected to be on the order of 800 to 1500 $/kW.
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Early commercial units will be higher in cost and units modified to military stand-

ards could cost more than commercial powerplants.

In order to develop the complete life cycle costs for fuel cell cases and to develop
similar estimates for the conventional options, additional cost information was also

developed.

A projection was made of Tinker's costs for natural gas and grid electricity for the
period 1985-2010. Projected energy escalation rates, exclusive of Inflation, are
provided periodically by the Department of Energy. The escalation rates used in

this study are from the Federal Register, November 18, 1981 pages 56716-56733
(Reference 13). The cost of natural gas was estimated from Tinker's FY81 costs

using the DOE regional escalation. rates for the incremental time periods involved.

The projected cost of purchased grid electricity was estimated by escalating the

fuel component of the FY81 electricity cost, using DOE regional escalation rates

applied to the electric utility's fuel costs. The impact of the utility's escalated
fuel costs on the cost of electricity was determined, assuming no change in the

cost of other components of the electricity cost (i.e., profit, capital recovery,

overhaul and maintenance). A fuel mix of 50% coal/50% natural gas is projected by
the electric utility for 1986 and was assumed for the analysis.

The resulting levelized energy costs for Tinker for the period 1985 through 2010

are shown in Table 5-1. Sensitivity analyses were also conducted to determine the

effect of energy costs on life cycle costs.

The capital and operating and maintenance costs of diesel emergency electrical

generators were determined from discussions with Tinker Civil Engineering and

from published data. The Installed capital cost was estimated to be between 500
and $1000/kW depending on size and other factors. This range of costs was used

for the study. The data sources are shown In Table 5-2.
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TABLE 5-1
ESTIMATED LEVELIZED ENERGY COSTS FOR TINKER ALC

o 7% Discount Rate

o 1981 Dollars

o Period 1985-2010

Grid Electricity* (Energy Plus Fuel Adjustment Charges) 3.944/kW Hr

Natural Gas* $4.25/Million. Btu

*FY81 2.78€/kW Hr Dec. 81 3.17€/kw Hr

$2.57/Million Btu $3.06/Million Btu

TABLE 5-2.

COST OF DIESEL ELECTRIC GENERATORS

Source Diesel Cost Size

EPRI Report AP2113 (Reference 9) $500-700/kW 10-20 MW

Becherer Associates (Reference 14) 650 2.4

Tinker Civil Engineering 1000 0.750

The yearly operating and maintenance costs of diesel emergency generators were

taken from data received from Tinker, data contained in the Becherer Associates

Report and in the ASME Report on Diesel Generators (Reference 15). The esti-

mated yearly costs for Megawatt size emergency diesel generators is $15 to 25/kW/

year. These costs are for maintaining a diesel generator in the standby mode.

The costs include parts, maintenance and labor for conducting monthly operability

testing, but do not include fuel costs. This range was employed in the life cycle

costs analyses.
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Energy Savings to Cost Ratios

The estimated energy savings to cost ratio as a function of fuel cell installed
capital cost is shown in Figure 5-4.

The figure indicates high E/C ratios are possible for fuel cell powerplants. For
the projected cost range, the E/C ratio ranges between 34 and 100. The Air
Force Facility Energy Plan, Reference 10, provides E/C guidelines for potential
energy conservation investments. The guidelines for FY84 specify a minimum of
value of 17 with an average value, for all projects, of 30 (see page B-3-1 of
Reference 10). Table 5-3 indicates the range of allowable fuel cell costs which
would still meet the E/C guidelines.

I-
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FUEL lULL HEAT

~ii
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FUEL CELL INSTALLED CAPITAL COT - 1W 112.

Figure 5-4. Energy Savings-to-Cost Ratio for Fuel Cells Compared to Grid
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TABLE 5-3.
ENERGY SAVINGS-TO-COST RATIO FOR FUEL CELLS

E/C Ratio Value Fuel Cell Cost

Minimum 17 $3250-3750/kW

Average 30 1750-2500

The lower cost levels correspond to the 50% heat utilization case. The E/C ratios
shown would be higher if the fuel cell case were compared to the grid plus diesel
backup case and the fuel cell cost were reduced by the "avoided" cost of the
diesel (500 to $1000/kW).

Life Cycle Cost Comparisons

The life cycle costs for providing 11 MW's of electrical power to Tinker ALC were
estimated and compared to two other cases. In the fuel cell case, the amount of
fuel cell heat recovered was taken as a cost credit. The first conventional option
is grid electricity plus conventional boiler plants. This configuration would pro-
vide the minimum energy self-sufficiency since there would be no electrical back-
up in the event of a grid outage. The second case assumes that the grid is
backed-up -with government-owned diesel emergency generators, thus increasing
the energy self-sufficiency.

The estimated life cycle costs of the three alternatives are shown in Figure 5-5.
The life cycle costs include the present value of yearly fuel, electricity and other

O&M costs plus the capital cost of the fuel cell or diesels in those cases. Fuel cell
maintenance ix estimated to be 0.54/kW hour (Reference 4). In the case of the
electrical grid alone, no costs were assigned to the vlue of lost manufacturing
production when the grid is down. For the example of a fuel cell installed cost of
$1500/kW and a diesel installed cost of $1000/kW, life cycle cost savings of approxi-
mately 9 to*20 million dollars are possible with the fuel cell. Figure 5-5 shows
that fuel cells have lower life cycle costs, compared to the grid plus diesl," at fuel
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cell installed costs up to 1750 to $3500/kW. Similarly, the fuel cell offers life cycle

cost savings, compared to the grid alone, at installed costs up to 1050 to

2/501kW.

/"M Slm
SINDALSUE su-m

FUEL CELLS
,, WITH NEAT RECOVERY

FRWECTED

.III !_ I_ J
I l J.......

FUEL CELL ISTALLED CAFITAL COST - 11kW 112-7

Figure 5-.5 Life Cycle Costs of Providing 11 MW's of Electrical Power to Tinker

ALC

Discounted benefit to cost ratios (B/C) for fuel cells were also calculated as a
function of the fuel cell installed cost. These ratios are shown in Figure 5-6. In
comparing the fuel cell to the grid plus diesel, the fuel cell capital cost was re-

duced by the avoidance of the diesel capital cost. The figure shows that high
B/C ratios are possible with fuel cells, particularly for the range of projected

costs. Figure 5-6 also shows that discounted B/C ratios greater than unity are
possible for fuel cell Installed capital costs in excess of $3000/kW.

The fuel cell installed capital costs for a discounted B/C ratio of unity are shown
in Table 5-4. These costs are also shown as "breakeven" costs.
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Figure 5-6. Discounted Benefit to Cost Ratio for Fuel Cells

TABLE 5-4.
FUEL CELL INSTALLED CAPITAL COST FOR DISCOUNTED B3/C OF UNITY

0 Electricity 3.944/kW hr.

* Natural Gas $4.25/Million Stu

Percent Recovery Fuel Cell Installed
Case of Fuel Cell Heat capitul Cost

(1) Fuel Cells Compared so $1050/kW
To Grid 100 2050

* (2) Fuel Cell Compared To so 1750-2500
Grid With Backup Dlesels 100 27S0-3500
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In calculating the B/C, only direct economic benefits were estimated. Since energy
self-sufficiency can be a tactical/strategic issue, its economic benefits are not easily
measured and were not quantified or included.

The life cycle cost savings that would be realized in using fuel cells to provide

electrical power to an Air Logistics Center are sensitive to the cost of grid elec-
tricity and the cost of fuel for the fuel cell. In this study, the life cycle costs

for Tinker ALC were estimated using a levelized electricity and fuel costs of 3.944/

kW hour and $4.25/million Btu respectively. To determine the sensitivity of life

costs to fuel and electricity costs and to extend the study to other ALC's where

energy costs are different than those at Tinker, the effect of energy costs on the

discounted benefit to cost ratio were rstimated. In estimating this effect, the

following variables were fixed:

Nominal Fuel Cell Installed Cost - $1500/kW
Diesel Installed Cost - $1000/kW
Percent of Fuel Cell Heat Recovered - 75%

Figure 5-7 shows the impact of gas and electricity costs on discounted benefit to

cost ratio. The shaded area in the figure corresponds to the combinations of

these two costs that result in a B/C of one or greater. If a facility's energy

costs, i.e., of gas and electricity, are in the shaded area, fuel cells will have

lower life cycle costs than the grid plus diesels.

The present-day energy costs for Tinker, Robbins and Hill ALC's as well as the

projected costs for Air Force Installation Operations, as given in the Air Force
Energy Plan (Ref. 8), are Indicated on the figure. These data show that fuel

cells can offer life cycle cost savings when compared to the grid plus diesel.

Based on the life cycle costs and benefit-to-cost ratios, fuel cell powerplants can
have life cycle cost advantages for application at Air Force Logistic Centers. In

addition , for those situations where additional reliability is required the fuel cell
powerplant can be cost effective for installed costs on the order of $3,000/kW when
compared to the grid plus diesel backup.
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Section 6
RECOMMENDATIONS

The FCG-1 power plant discussed in Section 4 is designed for dispersed application
within electrical utility systems. Air Force application at Air Logistics Centers can
have different technical and operational requirements. Initial studies in conjunc-
tion with this and other fuel cell programs have indicated that this commercial
power plant can be adapted to meet the specific Air Force requirements. There
are several areas were design studies of power plant options could confirm the
capabilities for Air Force applications or enhance their potential benefits. These
studies would also identify areas requiring further research and technology devel-
opment to enhance the capability for meeting USAF requirements.

o To satisfy electric utility requirements, the present FCG-1 power plant
is designed for gird-connected operation only. In the event of a grid
failure the fuel cell power plant disconnects from the grid and shuts
down. Grid-independent operation, including provisions for black start
capability, is necessary to achieve a high degree of energy self-
sufficiency. Several options are available for providing both grid-
independent and grid-parallel operations (Reference 16). Additional
studies to identify the detailed technical requirements for the electric
interface and to select the most effective option for meeting these re-
quirements would be required.

o The FCG-1 is presently configured to provide electric energy only. To
meet the Air Force goal for energy conservation, the power plant should
provide both electrical and thermal energy. Several liquid streams for
recovering thermal energy have been identified and preliminary studies
have defined the quality and quantity of the recoverable thermal energy
in these streams. The design of the FCG-1 power plant would be modi-
fied to incorporate the provisions for heat recovery necessary for the
Air Force applications. These design studies could focus on cost effec-
tive app roaches for maximizing quality and quantity of heat without
compromising the electric generation efficiency.

o The availabilit objective of the FCG-1 meets or exceeds the require-
ments of a dispersed electric utility generator. The overall energy
self-sufficiency of the base can be enhanced If the availability of the
fuel cell power plant Is further Improved. Several approaches for imn
proving the overall availability have been identified in previous studies.

hese Include selective redundancy of critical components and effective
spare parts provisioning. These approaches could be further evaluated
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to define power plant configurations and maintenance approaches which
provide higher availability at reasonable costs.

o The FCG-1 can operate on both natural gas and light distillate fuel.
Options are available to increase the fuel capability to a range of coal
and biomass derived fuels. Additional studies to define the desirable
range of fuels and to establish configurations for accommodating these
fuels would be desirable. These studies should address cost and per-
formance. issues as well as approaches for accommodating rapid
switch-over from one fuel to another.

B-2.
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APPENDIX

TYPICAL BOILER LOGS USED FOR
THERMAL REQUIREMENTS STUDY
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